Lawrence Berkeley Laboratory University of California Berkeley, California 94720
October 1972
The particle-plus-rotor model has been solved for some weakly-and moderately-deformed odd-A nuclei. Some very characteristic regularities are expected to occur for the high-spin states coming from high-j orbitals, and these depend strongly on the sign of $. Application to some Au, Hg, and Tt nuclei shows surprising agreement, and indicates oblate shapes for these states in all these nuclei. Under certain conditions, a new coupling scheme is realized where the particle angular momentum, j , is quantized along the rotation axis rather than the symmetry axis .
The rotational model, proposed by Bohr 1 in 1952 arid developed subse-. 2 quently by Bohr .and Mottelson and others, requires that the spectrum of an odd-A rotational nucleus corresponds to that of a particle coupled to a nonspherical rotating core. This is well borne out in the regions of "deformed" nuclei, where the particle is strongly coupled to the deformed shape. This model has not really been studied in (2) where the symbols have their usual meaning, He is the Coriolis operator, and H. t is the Hamiltonian of the particle in the absence of any rotation.
1n r
The solution of this Hamil toni an, with t.he addition of pairing effects, has been discussed previously 4 using several simple approximations in order to limit the number of variables to two; the deformation S, and the Fermi surface A.. We will follow the same procedures here, and fn addition will fix S and A., so that there remain no adjustable parameters. We fix lSI by averaging the value obtained from B(E2; 2 + 0) measurements for the two adjacent even-even nuclei. . For this IS I , A. is fixed at the level corresponding to the cor:rect number of particles according to the Nilsson diagram. Thus, for each odd-A case we calculate two spectra, corresponding to a prolate and an oblate shape l"u1· Llw uucleus .
There are a number of approximations in the above procedure. It is fairly easy to show that some, such as the assumption of pure j-values, are rather good. The three that seem likely to be poor at times are: a) the use of a perfect-rotor Hamiltonian for the core; b) the neglect of the effect of the odd particle on the core parameters; and c) the restriction of the core to axially-symmetric shapes. We have not made quantitive estimates of b) and c),
but we have examined (a) by using: (3) where B and C can be obtained from approximate fits to levels in the adjacent even-even nuclei (see the caption to Fig. 2 ). In the calculations discussed -4-
here, we have used Eq. (3); however, we have found that this does not cause lu.r 1~l : chunges iu the ealculated spectra.
We will now discuss briefly the application of this model to the Au region of the periodic is also consistent with that previously made. 6
The situation for the h 1112 j-shell is shown in Fig. 2b , and is quite similar to that of Fig. 2a , except that all spins are one higher and a given
.. A series of two or three stretched E2 transitions, whose energies approximate thor3e of the adjacent even-even nuclei, were observed in 18 9 ,l95 ,l97 ,l99Hg.
In one of these cases, the population of the known i 1312 isomeric state was measured and shown to be large; suggesting that the E2 cascade populates this level. This is precisely what one would expect from the i 1312 j-shell around B = -0.1 according to the present calculations. Thus in TR,, Hg, and Au, the levels from the high-j orbitals can be reasonably well accounted for by the particle~plus-rotor model, and ~onsistently require oblate shapes.
-6-
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The general features of the solutions in Eq. (1) can be easily recognized in Fig. 2 . At large deformation (of either sign) a good rotational region occurs, corresponding to a strong~coupling between the particle and the deformation. In this coupling scheme, n, the projection of J on the symmetry axis, is a good quantum number of the system, requiring a mixture of R values, and the Q-band lying lowest depends on the position of A in the j-shell (which chs.nges with deformati()n). As the deformation decreases, there is a region where the Coriolis effects, coupling the particle to the rotation and mixing n values, can be treated as a perturbation. At the other limit of zero deformation, there is no coupling between the particle and the (non-existent) deformation, resulting in the degeneracy of all the states corresponding to different orientations.of a given J and R. The coupling scheme here has the core rotational angular momentum, R, as a good quantum number, requiring a mixture of Q values. As the deformation increases from zero, there is a region where it can be treated as a perturbation in a particle-core weak-coupling mode1. 9
If' A and the sign of B locate a nucleus near the high-Q levels of a j .. shell (in Fig. 1 for the Au region this would be prolate for h 1112 and oblate, for h 912 ) the above two perturbation regions merge into each other, and one shifts rather suddenly from the strong-coupling to the weak-coupling region around IBI = 0.1. On this side rotational bands exist for IBI > -0.1, with a normal spin sequence and n = J at low 8-values, changing to n = J -1 as A moves closer to that state. For a nucleus situated near the low-n levels (opposite to the above shapes) there is a broad region between B -0.1 and B 0.3 where ne~ther of these coupling schemes applies. This is f.
.. Many experiments are required in order to test the nature of these high-spin ) states in greater detail, to study the lower-spin states from the high~j orbitals, and to explore the applicability of this model to some lower-j orbitals.
Such a simple picture is not likely to be sufficient in great detail, but the implied basic unity of the so-called "vibrational" region with the rotational one is very appealing.
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